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Project Summary   
 
The Cache River watershed has a unique community of slackwater fishes which are associated with 
low gradient, low velocity backwater habitats that typically have silt and organic detritus substrata. 
Most of these slackwater fishes are classified as Species in Greatest Need of Conservation (SGNC) 
because of their rare and declining status in Illinois. Historic records of 13 slackwater fish SGNC were 
used to determine species presence at locations with records over 10 years old and identify new 
locations. The lack of recent records for slackwater fishes may have resulted from deficiency in 
sampling bottomland habitats, or partially due to habitat loss, heavy sedimentation and hydrologic 
alteration. Survey sites were selected by identifying historic locations with multiple target species (> 2 
species) and by identifying stream reaches with similar habitat characteristics to sites with known 
locations of target fish species. Similar habitat characteristics were determined by using existing 
ArcGIS data layers associated with stream structure (e.g., discharge, watershed land use) and modeled 
to all streams within the Cache River watershed. Nine out of thirteen slackwater species were present 
at slackwater survey sites including five species at modeled locations. Modeling stream characteristics 
to locate fish SGNC was successful and this technique could be applied to future research to assist with 
filling ecological and distribution information gaps of rare species in need of conservation. This 
research also supports the need for targeted surveys as a valuable supplement to existing fish sampling 
programs that do not regularly sample habitats that are specific to some fish SGNC.  
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Introduction   
The Cache River watershed includes portions of Cypress-Tupelo swamps, lowland river and upland 
stream habitats which accounts for its diverse ichthyofauna.  Eighty-five native fish species have been 
found within the watershed, representing 42% of all native fish found in Illinois (Burr 1992, Bennett et 
al. 2001). This includes a unique assemblage of bottomland guild fishes that are associated with 
slackwater habitats and depend upon floodplains for reproduction, vegetated peripheries for juvenile 
and adult life history stages, and channels for migration (Bennett et al. 2001).  Slackwater habitats are 
described as low gradient, low velocity backwaters of adjacent main channels with typically sand, silt, 
and organic detritus substrata (Bennett et al. 2001).  
The Cache River has a history of alteration and channelization (Karr et al. 1985, Demissie et al. 1990).  
Numerous alterations have impacted the landscape and hydrology of the watershed, including the 
construction of the Post-Creek Cutoff, a large ditch which drains the upper portion of the Cache River 
and its eastern tributaries and associated wetlands into the Ohio River (Cache River Watershed 
Resource Planning Committee 1995).  This alteration has essentially split the river and watershed into 
two distinct sections for nearly a century.  Several species are known to be negatively affected by 
sedimentation, channelization and loss of wetlands in the watershed, including Fringed Darter, Cypress 
Minnow and Bantam Sunfish (Poly and Wilson 1998, Bennett et al. 2001, Burr et al. 1996). Along 
large rivers, sedimentation has degraded and reduced backwater habitats available for use by fishes 
(Brown and Coon 1994). 
Bouska and Whitledge (2014) found there was an absence of a bottomland guild after analyzing IDNR 
fish community samples from 1992-2009.  Presently, the Cache River watershed has two distinct 
assemblages; one associated with the lower Cache River mainstem and another with tributaries 
throughout the watershed and the upper Cache River mainstem (Bouska and Whitledge 2014). The 
lack of a bottomland guild (hereafter referred as slackwater species) may have resulted from not 
comprehensively sampling bottomland habitats, or partially due to habitat loss, heavy sedimentation 
and hydrologic alteration (Burr et al. 1996, Warren and Burr 1989, Bennett et al. 2001).     
A main component of the Illinois Wildlife Action Plan (WAP) is protection of rare and imperiled 
species collectively referred to as Species in Greatest Need of Conservation (SGNC).  Metzke and 
Hinz Jr. (2012) recently identified several fish SGNC that have not been observed (potentially 
extirpated) from some portion of their historic ranges.  However, it is unknown whether these species 
are, in fact, extirpated or they have not been recorded during recent collection efforts.  Given the 
structured sampling protocols for fisheries collection programs within the state (e.g., IDNR basin 
surveys, LTEF and LTRMP programs), it is possible that populations of these species remain where 
surveys have not been conducted over ten years. For this survey, thirteen slackwater fish SGNC were 
selected based on previous studies (Table 1; Bennett et al. 2001, Metzke and Hinz Jr. 2012).   
 
The objective of this study was to survey historic and identify new locations of slackwater fish species 
by modeling stream habitat characteristics of known locations. Habitat and fish community survey 
results were assessed to determine associations with target species presence. This study is an effort to 
supplement the fisheries sampling programs and update distribution information of rare fish species.  
 
Site selection 
Fifteen survey sites were sampled in Cache River watershed in southern Illinois during fall of 2014 
(Table 2). Survey sites were selected from known locations of target species and had records older than 
ten years. Target slackwater species locations were mapped from Metzke and Hinz Jr. (2012) records 
and separated into two categories; recent (2000 and later) and historic (before 2000) records. Metzke 
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and Hinz Jr. (2012) compiled species records from multiple databases including IDNR Fisheries 
Analysis System (FAS), the Illinois Natural History Survey (INHS) Museum Collections, the INHS 
Long-Term Resource Monitoring Program (LTRMP) and the Southern Illinois University-Carbondale 
fisheries collection. Historic locations with multiple target species (> 3 species) or threatened and 
endangered species records were prioritized for sampling.  
 
Additional survey sites with the potential to have targeted species were identified based on stream 
habitat characteristics of known slackwater fish locations. Stream reaches with multiple target species 
were selected and habitat characteristics were summarized for the local watershed using existing 
geographic information system (GIS) data layers associated with stream structure (e.g., gradient, size, 
discharge, and adjacent land use). Thirty three watersheds with multiple target species were identified 
and summarized. The standard error upper and lower limits of the means were evaluated to determine 
the greatest potential to locate target species. Survey sites were selected by modeling streams with 
upper limit of annual low discharge (Q90 < 0.14 cms) and lower limit of percent watershed wetland 
land use (wetland > 15.3%) (Figure 1). Modeling identified 235.6 km of potential stream habitat in the 
Cache River watershed (total streams = 4,491.9 km). Based on historic records and modeling selection 
criteria, twenty five sites were proposed for the survey. Proposed sites were scouted and reduced to 
fifteen survey sites due to equipment and personnel restrictions. Final selection consisted of ten 
historic record sites and five modeled stream sites (Table 2, Figure 2). 
 
Concurrent with the slackwater fish survey, IDNR Fisheries surveyed 17 sites in the Cache River 
watershed as part of their Intensive Basin Survey five-year rotation from May through August of 2014 
(Figure 2). The most appropriate fish sampling gear (e.g., boat electrofishing, seines, or electric seines) 
was used to survey. Additionally, IDNR conducted a separate sampling effort in the Buttonland 
Swamp area (10 sites) during 2011-2013 (Figure 3). IDNR Fisheries survey results are presented with 
the slackwater survey.      
 
Methods 
Slackwater sites were surveyed using the most appropriate technique (e.g., backpack electrofishing and 
dip nets, or seines) depending upon stream size and site accessibility and conditions. Amount of effort 
expended at each site was dependent upon size and complexity of the survey site (Table 3). Water 
quality (dissolved oxygen, specific conductance, temperature) and habitat (substrate composition, 
channel form, riparian structure) parameters were recorded at each survey location to characterize 
instream and riparian habitat structure for slackwater fish communities. All collected fish were 
identified, recorded, and released after sampling except for voucher specimens. Voucher specimens 
were preserved in 90% Ethanol and later verified and deposited into the University of Illinois – INHS 
fisheries collection. Collected threatened or endangered species were photographed before release and 
occurrence records were submitted to BIOTICS database managers.  
 
Habitat structure and fish assemblages were evaluated at slackwater and IDNR Fisheries survey sites 
separately and then collectively. Habitat attributes (stream order, gradient, discharge, drainage area) 
were derived from GIS data layers (1:24,000 stream linework) for analyses. Also, proportional land 
use (open water, urban, forest, agriculture, and wetland) was summarized from 2011 USGS National 
Land Cover Database at the local watershed (i.e., catchment of stream reach) and total watershed (i.e., 
drainage area) scale (Holtrop and Collins 2015). Additional habitat attributes that were collected 
during survey (substrate, water quality, and riparian structure) were assessed only at slackwater sites. 
Non-metric multidimensional scaling analysis (NMDS) was used to assess patterns of fish assemblages 
and habitat structure of survey sites with target species presence (Primer, version 6; Primer-E, 
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Plymouth, UK). Analyses were done on the survey site × taxon matrix and results were transformed for 
presence/absence. Abundance results were not used for analyses because survey methods were directed 
at locating target species, and thus, abundance could not be estimated accurately. Habitat attributes 
were normalized to account for differences in value ranges and overlaid with NMDS plots. BEST 
analysis was used to determine which habitat variables strongly influence fish assemblages (Clarke 
1993, Clarke and Gorley 2006). Habitat attributes that did not have a strong association with fish 
assemblage were removed to simplify plots.  
 
Results 
Collectively, 42 sites were surveyed in the Cache River watershed by this slackwater survey and IDNR 
Fisheries surveys. Ten out of thirteen target slackwater species were present at 26 survey sites 
including five species at slackwater survey modeled locations (Table 3). Six out of the ten species 
found were collected by both survey sampling efforts. Cypress Minnow (Hybognathus hayi), Ribbon 
Shiner (Lythrurus fumeus), Cypress Darter (Etheostoma proeliare), and Bluntnose Darter (E. 
chlorosomum) were collected only with the slackwater survey while Pugnose Minnow (Opsopoeodus 
emiliae) was collected only with IDNR Fisheries buttonland swamp survey. One target threatened or 
endangered species, Cypress Minnow, was observed during the study period.  Bigeye Shiner (Notropis 
boops), Redspotted Sunfish (Lepomis punctatus), and Bantam Sunfish (L. symmetricus) were not 
observed during either slackwater or IDNR Fisheries surveys. Overall, Flier (Centrarchus 
macropterus) was most frequently collected (24% of survey sites) followed by Pugnose Minnow and 
Banded Pygmy Sunfish (Elassoma zonatum) (17% of survey sites). Pugnose minnow collection was 
restricted to buttonland swamp area while other species were more broadly distributed (see Appendix 
for detailed distribution maps). Several species were recorded at one (Central Mudminnow [Umbra 
limi]) or multiple (Banded Pygmy Sunfish, Flier, Bluntnose Darter, and Cypress Darter) new locations 
with slackwater survey including the five modeled locations (see Appendix). Some target species were 
not collected at historic record locations (Bigeye Shiner, Pugnose Minnow, Cypress Darter) or only at 
one historic location (Cypress Minnow, Banded Sculpin) with slackwater survey sampling efforts. 
Redspotted (Lepomis punctatus) and Bantam Sunfish (L. symmetricus) were mostly likely not collected 
during survey efforts because they have been observed at only a few locations in Cache River 
watershed and these locations were not sampled. Target species were not collected at three (20%) 
slackwater sites or 11 (41%) IDNR Fisheries survey sites. 
 
Slackwater survey sites were relatively smaller with a mean drainage area of 35.4 km
2
 and mean 
stream order of 3.5 (Table 4) compared to IDNR Fisheries sites with mean drainage area of 144.4 km
2
 
and mean stream order of 4.2 (Table 5). The mean gradient for all survey sites was 0.0011 km/km 
(range -0.003 – 0.007 km/km). Local watersheds were dominated by forest (40%, 32%) and 
agricultural (38%, 30%) proportional land use followed by wetland (13%, 20%) at slackwater survey 
(Table 6) and IDNR Fisheries sites (Table 7), respectively. Total watershed proportional land use was 
dominated by agriculture (48%, 46%) then by forested (41%, 38%) proportional land use at slackwater 
survey (Table 6) and IDNR Fisheries (Table 7) sites, respectively, with similar proportions of land use 
distributed among wetland (4-6%), urban (6-9%), and open water (1%). Modeled discharge was 
estimated relatively lower at slackwater survey sites with a mean of 0.05 cms at moderate flow and 
0.002 cms at low flow (Table 4) compared to IDNR Fisheries survey sites with a mean of 0.21 cms at 
moderate flow and 0.02 cms at low flow (Table 5).  
 
Slackwater survey site habitats were characterized by estimating various instream attributes including 
substrate composition, channel structure, habitat type, flow, riparian cover, and aquatic vegetation and 
bank composition (Table 8) to evaluate habitat patterns associated with target species distribution. 
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Substrate composition was similar across all slackwater survey sites and was mostly comprised of 
clay/silt (54%), gravel (20.4%), and detritus (18.3%). Channel structure varied across all sites with a 
mean depth of 0.54 m (range 0.15 – 1 m) and mean wetted width of 14.7 m (range 2.4 – 100 m). 
Discharge could not be measured at majority of sites due to no flow. Survey sites with flow had a mean 
discharge of 0.02 cms (Table 8). Pools (77%) were the dominant stream habitat type at sites followed 
by runs (14.7%) and then riffles (9%). Overhanging (36.1%), algae (31%), and emergent (27.1%) were 
the most common instream vegetation type at slackwater sites followed by floating (duckweed, 18%) 
and submergent (10%) aquatic vegetation (Table 9). Bank composition across all slackwater sites was 
comprised of woody material (down trees, 26.7%), trees (22%), and herbaceous vegetation (20.7%) 
with a mean of Riparian shading ranged from 20 to 95% canopy cover with a mean of 70% at sites 
with target species and 46.7% at those without (Table 9). Overall, slackwater survey sites with target 
species had similar instream and riparian structure to sites without target species, except buttonland 
swamp sites. Buttonland swamp survey sites had higher mean width (53.3 m), pool habitat (100%), 
and lower riparian shading (26.7%) compared to the other slackwater survey sites (mean width 5.04 m, 
71% pool, and 75% riparian cover). These attributes demonstrate that buttonland swamp sites are 
structured more as large, open canopy wetland systems that require different sampling techniques (i.e., 
seine) which might have been less effective at collecting target species compared to techniques used to 
sample the smaller, more closed canopy slackwater stream sites (i.e., backpack electrofishing).  
 
Water quality was recorded at most slackwater survey locations (Table 10). Dissolved oxygen (DO) 
concentration greatly varied across slackwater sites ranging from 0.19 – 10.19 mg/L with a mean of 
5.38 mg/L. The lowest DO measurement was at the buttonland swamp site (Buttonland_001) that is 
predominately covered with duckweed year round. Similarly, conductivity varied across sites ranging 
from 123.9 – 622 μS/cm with a mean of 335.3 μS/cm. Temperature was relatively similar across 
slackwater sites with a mean of 17 
o
C (range 14.6 – 20.2 oC). Clarity was a mean of 0.34 m (range 0.05 
– 0.85 m); however, clarity exceeded mean water depth at most survey sites with deep pools and 
shallow runs (Table 10).  
 
Fish assemblage similarity among slackwater survey sites was assessed with NMDS separately from 
IDNR Fisheries survey sites and then combined (MDS, Bray-Curtis; Primer-E, Plymouth, UK). Fish 
assemblage similarity (i.e., plot separation) among sites with none, single, or multiple target species 
was not noticeable for slackwater survey sites with or without the additional IDNR Fisheries sites 
(Figure 4). However, target fish assemblage similarity between sites with single or multiple target 
species was noticeable for slackwater survey sites with (Figure 6) and without the additional IDNR 
survey sites (Figure 5) where sites with target species were clustered together and separate from sites 
without target species. Buttonland_001 site was consistently separate from other slackwater sites 
because only one species was collected, Mosquitofish (Gambusia affinis).  
 
Thirty-three environmental variables were utilized to overlay with slackwater survey NMDS, and 
reduced to 13 habitat attributes that strongly influenced fish assemblages (BEST, Spearman; Primer-E, 
Plymouth, UK). Fish assemblages at slackwater sites with multiple target species were positively 
influenced by clay/slit substrate, modeled low discharge, and proportion of total wetland land use, 
while negatively influenced by gradient and gravel substrate (Rho = 0.82, p = 0.001) (Figure 4). 
Evaluating only target species, slackwater sites with multiple target species were positively influenced 
by clay/silt substrate and riffle habitat while negatively correlated with mean stream width (Rho = 
0.59, p = 0.02). Twenty-three environmental variables were utilized to overlay with the combined 
slackwater and IDNR survey NMDS, and reduced to nine habitat variables that influenced fish 
assemblages. Assessing only target species, slackwater and IDNR sites with multiple target species 
 5 
 
were positively correlated with proportion of total watershed agricultural land use and negatively 
correlated with proportion of total watershed urban and forest land use (Rho = 0.43, p = 0.001).  
 
Conclusions 
Majority of the target slackwater species presence was confirmed in the Cache River watershed, but 
their potential habitat range is limited to 5.2% of streams according to modeling results. However, 
slackwater species may have a broader range of habitat tolerance than the criteria selected for 
modeling. For instance, slackwater species presence in streams ranging from forested wetlands to 
agricultural watersheds suggests that these species are adaptive or their distribution is not strongly 
influenced by watershed land use. It is possible that other environmental or ecological variables (e.g., 
annual temperature and flow variability, daily diel cycles, prey availability or predator presence) may 
be more important for determining target species distribution, but were not assessed in this study. 
Likewise, connectivity of upper and lower mainstems and associated wetland habitats is a main 
concern for conservation of slackwater fish species in the Cache River watershed, but was not 
evaluated in this study. Connectivity provides individuals with the ability to disperse and colonize new 
locations or recolonize locations where extirpation has occurred. The Cache River has a history of 
landscape and hydrological alterations that negatively affects species of conservation concern (Poly 
and Wilson 1998, Burr et al. 1996) and may limit species distribution. Future studies should consider 
examining additional ecological and environmental variables to determine limitations of slackwater 
species distribution.   
Sampling efforts of this slackwater survey had a higher success (80%) of locating target species 
compared to IDNR Fisheries survey (59%) and found four additional target species verifying that 
targeted surveys are a valuable supplement to existing sampling programs. It is necessary to update and 
fill ecological and distributional information gaps of rare species in order to identify and prioritize 
conservation efforts.  This study demonstrates that targeted surveys can assist standard sampling 
programs with filling distribution information gaps of rare species. Other targeted survey efforts in 
Illinois have also recorded rare fish species which are not routinely or never have been collected during 
standard sampling programs (Tiemann 2012, Thomas et al. 2013, Metzke and Holtrop 2014). 
Modeling stream characteristics from known rare species historic locations can further contribute to 
filling distribution gaps by identifying new potential locations of rare species. At least one target 
species was located at each modeled location indicating that a simple model of two stream habitat 
characteristics (i.e., discharge and proportion of wetland land use) can be successful in identifying 
potential rare species locations. Thus, habitat modeling could be applied to future research to 
efficiently direct survey efforts towards our ecological and distributional understanding of rare species 
in need of conservation. 
 
Even though several new locations were recorded with this study, some target species were not present 
or observed at only one historic location suggesting that these species are extirpated from portions of 
their historic ranges. Since it is more difficult to prove absence than presence, it is possible that target 
species still inhabit historic locations. Presence may not have been detected for various reasons such as 
inadequate sampling gear, complexity of the site (i.e., debris dams), seasonality, or adverse weather 
conditions that may reduce the success of detecting target species. Furthermore, a relatively small 
number of slackwater sites were surveyed and a larger-scale, more comprehensive survey could have 
determined if species were truly extirpated from historic locations. Future studies of slackwater fish 
species should expand spatially and temporally (e.g., multiple seasons) to determine species presence 
or absence. 
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Table 1: List of slackwater fish Species of Greatest Need of Conservation (SGNC) target species and their current status based on Metzke 
and Hinz Jr. (2011). 
 
Common name Scientific name DNR fish code Family SGNC SGNC trend T&E 
Banded Sculpin Cottus carolinae BAS Cottidae Yes Rare 
 Central Mudminnow Umbra limi CEM Umbridae Yes Rare 
 Cypress Minnow Hybognathus hayi CYM Cyprinidae Yes Rare & declining SE 
Ribbon Shiner Lythrurus fumeus RBS Cyprinidae Yes Rare 
 Bigeye Shiner Notropis boops BGS Cyprinidae Yes Rare SE 
Pugnose Minnow Opsopoeodus emiliae PUM Cyprinidae Yes Rare 
 Banded Pygmy Sunfish Elassoma zonatum BPS Elassomatidae Yes Rare 
 Flier Centrarchus macropterus FLR Centrarchidae Yes Rare 
 Redspotted Sunfish Lepomis punctatus SSF Centrarchidae Yes Rare SE 
Bantam Sunfish Lepomis symmetricus BSF Centrarchidae Yes Rare & declining ST 
Bluntnose Darter Etheostoma chlorosomum BUD Percidae Yes Rare 
 Fringed Darter Etheostoma crossopterum FGD Percidae Yes Rare & declining 
 Cypress Darter Etheostoma proeliare CYD Percidae Yes Rare & declining 
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Table 2: Description of slackwater fish survey sites sampled in the Cache River watershed and reason for survey site selection.  
 
 
Site code Stream name Latitude Longitude Location description Reason 
Cache_Up_001 Bradshaw Creek 37.52945 -89.14928 Wing Hill Road crossing; Sampled 
~50m upstream of bridge 
Sampled < 1993; BAS and BUD 
records upstream 
Cache_Up_003 Lick Creek 37.47925 -89.01607 Allen Road crossing; Sampled 
upstream of bridge; sampled around 
really deep pools 
Similar attributes to streams with 
SGNC 
Cache_Up_004 Little Black Slough 37.36303 -88.93851 Access past Cache field station house; 
Used hiking trail to Boss Island; 
Sampled upstream of road crossing to 
Boss Island 
Similar attributes to streams with 
SGNC; BPS record downstream 
Cache_Up_008 Cave Creek 37.35801 -88.88692 Sampled downstream of bridge of 
Route 45; parked in FWS/IDNR 
hunter parking lot 
Sampled < 1993; FLR and BPS 
records 
Cache_Low_009 Tributary to Big 
Cypress 
37.3266 -88.9871 Off of Lincoln Green Road/W Eden 
Rd; Difficult to see from road; culvert; 
Sampled downstream 
Similar attributes to streams with 
SGNC 
Cache_Low_010 Adds Branch 37.3714 -89.09461 Johnson Dairy Road crossing; 
Sampled downstream of bridge 
Upstream to similar attributes to 
streams with SGNC; CYM record 
downstream 
Cache_Low_015 West Branch Sandy 
Creek 
37.22400 -89.32288 Olive Branch Road crossing; Sampled 
upstream of bridge 
Sampled < 1993; BGS record 
downstream 
Cache_Low_017 Cypress Slough 37.18826 -89.24792 Morris Road crossing; Hidden behind 
overgrown vegetation; Sampled 
downstream of culvert 
Similar attributes to streams with 
SGNC; RBS record in tributary 
Cache_Low_018 Tributary to Lake 
Creek 
37.13174 -89.28375 Off Route 3; parking on east side; 
Sampled US of bridge 
BGS, BUD, and RBS records; 
BGS, PUM, and RBS records 
upstream 
Cache_Low_020 Lake Creek 37.11749 -89.30724 Roth Crossing & Promiseland Rd; 
outlet of Horseshoe Lake; sampled 
upstream of bridge 
BPS, BUD, CEM, and CYM 
records upstream 
      
 10 
 
      
Table 2 (continued):      
      
Site code Stream name Latitude Longitude Location description Reason 
Cache_Low_021 Mill Creek tributary 37.36613 -89.26425 Route 127 crossing; Parked by 
Shawnee Stone Quarry sign; Sampled 
upstream of bridge  
Sampled < 1993; BAS and FGD 
records 
Cache_Low_022 Mill Creek   37.3672 -89.24899 Near quarry; Miller Rd. wooden 
crossing; Sampled upstream of bridge 
BAS and FGD records; CYD 
record downstream 
Buttonland_001 Buttonland Swamp 37.297015 -89.05304 At the end of Access Road; sampled at 
the end of the boat ramp 
5 SGNC (DS) 
Buttonland_002 Limekiln Slough 
(East) 
37.28269 -89.09764 Off of Nature Rd; hiked down trail; 
trail leads to slough 
Sampled < 1993; FLR, BPS, and 
CYM records  
Buttonland_003 Limekiln Slough 
(West) 
37.28344 -89.09859 Off of Nature Rd; hiked down trail; 
trail leads to slough 
Sampled < 1993; FLR, BPS, and 
CYM records  
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Table 3: Sampling effort and fish survey richness of total community and Species of Greatest Need of Conservation (SGNC) at slackwater 
survey sites.  
 
Site code Method Survey length (m) Survey time (min) 
Total 
richness 
SGNC 
richness 
Cache_Up_001 Backpack electrofishing   77.3 20.60 15 1 
Cache_Up_003 Backpack electrofishing   70.1 25.95 13 1 
Cache_Up_004 Backpack electrofishing   91.4 36.23 12 1 
Cache_Up_008 Backpack electrofishing   91.4 26.30 12 2 
Cache_Low_009 Backpack electrofishing   61.0 13.88 10 1 
Cache_Low_010 Backpack electrofishing   61.3 23.75 12 1 
Cache_Low_015 Backpack electrofishing   73.2 23.77 11 0 
Cache_Low_017 Backpack electrofishing   21.3   8.62 13 4 
Cache_Low_018 Backpack electrofishing 103.6 28.52 19 4 
Cache_Low_020 Backpack electrofishing   97.5 21.67 21 5 
Cache_Low_021 Backpack electrofishing   67.1 17.28 11 1 
Cache_Low_022 Backpack electrofishing   86.6 23.95            7 1 
Buttonland_001 Seine - 2 passes from boat ramp 20 m
2
 15.00            1 0 
Buttonland_002 Seine - 2 passes from bank 20 m
2
 15.00            6 1 
Buttonland_003 Seine - 2 passes from bank 20 m
2
 15.00 10 0 
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Table 4: Slackwater survey site stream characteristics based on 1:24,000 stream linework. Discharge was estimated with models developed 
by Seelbach et al. (2011) adjusted to 1:24,000 stream linework (Holtrop and Collins 2015) for annual 50% (moderate) and 90% (low) 
exceedance discharges.   
 
Site code Drainage area (km
2
) Stream order Gradient (km/km) 
Modeled moderate 
discharge (cms) 
Modeled low 
discharge (cms) 
Cache_Up_001   22.4 4  0.0029 0.0165 0.0001 
Cache_Up_003  102.3 5  0.0008 0.0907 0.0022 
Cache_Up_004   30.6 4  0.0005 0.0432 0.0004 
Cache_Up_008   16.8 3  0.0025 0.0127 0.0001 
Cache_Low_009     4.1 2  0.0016 0.0034   0.00001 
Cache_Low_010     7.8 3  0.0016            0.008  0.0001 
Cache_Low_015   13.0 3  0.0015 0.0149 0.0012 
Cache_Low_017   10.0 2  0.0009 0.0107   0.00001 
Cache_Low_018   32.0 3  0.0008 0.0322 0.0001 
Cache_Low_020   59.4 4  0.0007 0.1774 0.0197 
Cache_Low_021     7.1 3           0.002             0.009  0.0004 
Cache_Low_022     6.6 3  0.0072 0.0061 0.0001 
Buttonland_001  112.6 5 -0.0005 0.1591 0.0072 
Buttonland_002   53.0 4 -0.0017 0.0606 0.0017 
Buttonland_003   53.0 4 -0.0017 0.0606 0.0017 
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Table 5: Illinois Department of Natural Resource basin survey site stream characteristics based on 1:24,000 stream linework. Discharge was 
estimated with models developed by Seelbach et al. (2011) adjusted to 1:24,000 stream linework (Holtrop and Collins 2015) for annual 50% 
(moderate) and 90% (low) exceedance discharges.   
 
Site code Drainage area (km
2
) Stream order Gradient (km/km) 
Modeled moderate 
discharge (cms) 
Modeled low 
discharge (cms) 
AD-06    57.0 4  0.0014 0.0576 0.0014 
ADCA-01    19.0 4  0.0047 0.0156 0.0001 
ADCD-01    48.8 4  0.0002 0.0745 0.0033 
ADCF-01    45.3 4           -0.0033 0.0808 0.0032 
ADX-02      8.3 3 0.005  0.0073 0.0001 
ADY-01      2.8 3             0.0003 0.0002                 0   
IX-03  399.8 6    -0.00001 0.6139 0.0578 
IX-05  170.5 5  -0.0002 0.2363 0.0081 
IX-06  769.5 6  0.0069 1.2022 0.2344 
IX-08  644.1 6 -0.0001 0.9987 0.1866 
IXCC-02    41.4 3  0.0013 0.0479 0.0013 
IXD-02    13.4 3             0.002  0.0164 0.0017 
IXF-02    76.6 4  0.0006 0.1094 0.0189 
IXI-01    91.7 4  0.0028 0.1355 0.0243 
IXJ-02    21.5 3  0.0027 0.0213 0.0003 
IXJC-01    17.4 3  0.0037 0.0172 0.0003 
IXMA-01      7.8 3  0.0016             0.008  0.0001 
IX 1-1  167.6 5 -0.0005 0.2227 0.0072 
IX 1-2  167.6 5 -0.0005 0.2227 0.0072 
IX 2-1  167.6 5 -0.0005 0.2227 0.0072 
IX 2-2  112.6 5           -0.001  0.1591 0.0062 
IX 3-1  167.6 5 -0.0005 0.2227 0.0072 
IX 3-2  167.6 5 -0.0005 0.2227 0.0072 
IX-05 1-1  170.5 5 -0.0002 0.2363 0.0081 
IX-05 1-2  170.5 5 -0.0002 0.2363            0.0081    
IX-05 2-1  170.5 5 -0.0002 0.2363 0.0081 
IX-05 2-2  170.5 5 -0.0002 0.2363 0.0081 
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Table 6: Slackwater survey site local and total watershed land use characteristics based on 1:24,000 watershed polygons.  
 
 
Local Watershed Proportional Land Use 
 
Total Watershed Proportional Land Use 
Site code 
Open 
Water Urban Forest Agriculture Wetland  
Open 
Water Urban Forest Agriculture Wetland 
Cache_Up_001 0 0.1818 0.5987 0.2195 0 
 
0.0036 0.0608 0.5629 0.3727 0 
Cache_Up_003 0.0043 0.0434 0.3354 0.5485 0.0684 
 
0.0033 0.0701 0.6171 0.3044 0.0043 
Cache_Up_004 0 0 0.8187 0 0.1813 
 
0.0031 0.0618 0.4312 0.3802 0.1221 
Cache_Up_008 0 0.2568 0.3087 0 0.4345 
 
0.0030 0.0657 0.4939 0.4269 0.0038 
Cache_Low_009 0 0.0477 0.0844 0.8679 0 
 
0 0.0713 0.2319 0.6941 0 
Cache_Low_010 0 0.1331 0.0498 0.8171 0 
 
 0.00004 0.0526 0.2897 0.6577 0 
Cache_Low_015 0 0.0273 0.7346 0.2117 0.0263 
 
0.0007 0.0279 0.8761 0.0945 0.0008 
Cache_Low_017 0 0.0254 0.2223 0.6303 0.1220 
 
0.0019 0.0312 0.1355 0.7439 0.0875 
Cache_Low_018 0.0339 0.1037 0.0219 0.5271 0.3134 
 
0.0180 0.0531 0.2135 0.5698 0.1451 
Cache_Low_020 0.0047 0.0683 0.2794 0.3085 0.3390 
 
0.1110 0.0700 0.3207 0.3689 0.1294 
Cache_Low_021 0.0065 0.0943 0.7247 0.1745 0 
 
0.0010 0.0953 0.5582 0.3436 0 
Cache_Low_022 0.0004 0.1283 0.4369 0.3377 0 
 
0.0014 0.0612 0.5994 0.3154 0 
Buttonland_001 0.0672 0 0.4857 0.0709 0.3223 
 
0.0180 0.0508 0.3578 0.5193 0.0520 
Buttonland_002 0 0 0.4348 0.5    0.0652 
 
0.0110 0.0547 0.2028 0.7071 0.0230 
Buttonland_003 0 0 0.4348 0.5    0.0652 
 
0.0110 0.0547 0.2028 0.7071 0.0230 
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Table 7: Illinois Department of Natural Resource basin survey site local and total watershed land use characteristics based on 1:24,000 
watershed polygons.  
 
 
Local Watershed Proportional Land Use 
 
Total Watershed Proportional Land Use 
Site code 
Open 
Water Urban Forest Agriculture Wetland 
 
Open 
Water Urban Forest Agriculture Wetland 
AD-06 0 0.0472 0.3167 0.6362 0 
 
0.0107 0.2167 0.4255 0.3362 0 
ADCA-01 0 0.0194 0.0183 0.9623 0 
 
0.0018 0.0581 0.3315 0.6064 0.0010 
ADCD-01 0 0.0148 0.038  0.9408 0.0014 
 
0.0059 0.0859 0.2330 0.6577 0.0145 
ADCF-01 0 0.9702 0.0298 0 0 
 
0.0397 0.0759 0.2488 0.5681 0.0665 
ADX-02 0 0.0298 0.4411 0.5291 0 
 
0.0018 0.3692 0.3593 0.2697 0 
ADY-01 0 0.2727 0.3818 0 0.3455 
 
0.0103 0.0722 0.5637 0.0389 0.3149 
IX-03 0.0024 0.4676 0.3338 0.0282 0.1681 
 
0.0158 0.0762 0.2917 0.5714 0.0437 
IX-05 0.0876 0.0267 0.3502 0.1636 0.3719 
 
0.0191 0.0583 0.3140 0.5392 0.0678 
IX-06 0 0.2370 0.4272 0 0.3358 
 
0.0096 0.0735 0.3725 0.5008 0.0422 
IX-08 0.0268 0 0.1501 0.2491 0.5739 
 
0.0108 0.0734 0.3958 0.4764 0.0419 
IXCC-02 0 0.0614 0.1107 0.7768 0.0511 
 
0.0014 0.0910 0.2489 0.6236 0.0350 
IXD-02 0 0.1230 0.6642 0.1969 0.0158 
 
0.0011 0.0579 0.8838 0.0500 0.0008 
IXF-02 0 0.0551 0.1683 0.773  0.0036 
 
0.0040 0.0667 0.6216 0.3031 0.0022 
IXI-01 0 0.5244 0.1376 0.3119 0.0261 
 
0.0041 0.0716 0.5689 0.3488 0.0045 
IXJ-02 0 0.0411 0.5283 0.4306 0 
 
0.0093 0.1016 0.4227 0.4614 0 
IXJC-01 0 0.1917 0.5165 0.2918 0 
 
0.0042 0.1851 0.3325 0.4779 0 
IXMA-01 0 0.1331 0.0498 0.8171 0 
 
0.0000 0.0526 0.2897 0.6577 0 
IX 1-1 0.1212 0 0.4857 0.0709 0.3223 
 
0.0181 0.0588 0.3141 0.5442 0.0632 
IX 1-2 0.1212 0 0.4857 0.0709 0.3223 
 
0.0181 0.0588 0.3141 0.5442 0.0632 
IX 2-1 0.1212 0 0.4857 0.0709 0.3223 
 
0.0181 0.0588 0.3141 0.5442 0.0632 
IX 2-2 0.0672 0.0277 0.2316 0.2072 0.4663 
 
0.0180 0.0508 0.3578 0.5193 0.0520 
IX 3-1 0.1212 0 0.4857 0.0709 0.3223 
 
0.0181 0.0588 0.3141 0.5442 0.0632 
IX 3-2 0.1212 0 0.4857 0.0709 0.3223 
 
0.0181 0.0588 0.3141 0.5442 0.0632 
IX-05 1-1 0.0876 0.0267 0.3502 0.1636 0.3719 
 
0.0191 0.0583 0.3140 0.5392 0.0678 
IX-05 1-2 0.0060 0.0609 0.5133 0.0090 0.4107 
 
0.0060 0.0609 0.5133 0.0090 0.4107 
IX-05 2-1 0.0876 0.0267 0.3502 0.1636 0.3719 
 
0.0191 0.0583 0.3140 0.5392 0.0678 
IX-05 2-2 0.0876 0.0267 0.3502 0.1636 0.3719 
 
0.0191 0.0583 0.3140 0.5392 0.0678 
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Table 8: Stream physical habitat characteristics at slackwater survey sites. 
 
 
Substrate Composition (%) Instream Channel Habitat (%) 
Site code Clay/silt Claypan Sand Gravel Cobble Bedrock Detritus 
Mean 
depth (m) 
Mean 
width (m) 
Discharge 
(cms) Run Riffle Pool 
Cache_Up_001 
  
10 50 30 10        0.5   6.3   0.0008 
 
10 90 
Cache_Up_003 60 
     
40 0.65  6.1 0   10 
 
90 
Cache_Up_004 40 
     
60 0.55  6.9 0   10 
 
90 
Cache_Up_008 70 
  
10 
  
20 0.55  7.2 0   20 
 
80 
Cache_Low_009 75 20 
 
5 
  
       0.6   4.1 - 
  
100 
Cache_Low_010 80 
     
20 0.75  4.2 0   
 
10 90 
Cache_Low_015 
   
60 30 
 
10      0.2   7.4   0.0014 40 60 10 
Cache_Low_017 70 
  
20 
  
10      0.3   3.0 0   
  
100 
Cache_Low_018 80 
  
20 
  
       0.3   5.0    0.033  20 5 75 
Cache_Low_020 80 
     
20      0.6   4.9 0   
  
100 
Cache_Low_021 15 
  
80 
  
5 0.15  2.4   0.0008 50 30 20 
Cache_Low_022 20 
  
60 
  
20 0.25  3.2   0.0391 70 20 10 
Buttonland_001 60 
   
10 
 
30 0.95 > 100.0      0   
  
100 
Buttonland_002 80 
     
20      1.0  30.0 0   
  
100 
Buttonland_003 80 
     
20      0.8  30.0 0   
  
100 
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Table 9: Aquatic vegetation and stream bank composition, and percent riparian cover at slackwater survey sites. 
 
 
Aquatic Vegetation Type (%) Bank Composition (%) Riparian Structure 
Site Emergent Submergent Overhanging Floating Algae Bare Rock Herbaceous Woody Trees Grass 
Riparian 
cover (%) 
Cache_Up_001 
  
10 
 
80 10 60 30 
  
  80 
Cache_Up_003 
  
60 
 
40 30 
 
40 
 
30   80 
Cache_Up_004 
  
40 
 
5 40 
 
30 30 
 
  80 
Cache_Up_008 
  
5 
 
  60 
 
20 20 
 
  90 
Cache_Low_009 
  
80 
 
10 
   
30 
 
70 30 
Cache_Low_010 
   
20 20 50 
 
40 
 
10   90 
Cache_Low_015 30 
 
40 
 
  30 
 
10 
 
60   90 
Cache_Low_017 5 
   
  
  
40 60 
 
  95 
Cache_Low_018 5 
   
  10 
 
10 70 10   80 
Cache_Low_020 10 
 
30 10   40 
  
20 40   20 
Cache_Low_021 
  
40 
 
  
   
30 10 60 70 
Cache_Low_022 
  
20 
 
  
  
10 80 10   95 
Buttonland_001 50 10 
 
40   
  
20 60 20   20 
Buttonland_002 40 
  
10   
  
30 
 
70   30 
Buttonland_003 50 
  
10   
  
30 
 
70   30 
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Table 10: Slackwater survey site water quality characteristics. Logistical issues prevented some water quailty measurements to be recorded 
at some locations.  
 
Site code Dissolved Oxygen (mg/L) Conductivity (µS/cm) Temperature (
o
C) Water Clarity (m) 
Cache_Up_001 6.44 272.0 14.6 0.8 
Cache_Up_003 3.79 - 18.1   0.65 
Cache_Up_004 1.32 139.8 15.9 0.1 
Cache_Up_008 5.53 240.0 15.8   0.07 
Cache_Low_009 6.09 423.0 18.4 0.5 
Cache_Low_010 3.24 360.0 17.1   0.85 
Cache_Low_015 7.09 184.7 16.1 0.2 
Cache_Low_017 4.76 622.0 16.1   0.05 
Cache_Low_018                 10.19 333.0 19.8   0.75 
Cache_Low_020 4.98 442.0 17.0   0.05 
Cache_Low_021 6.66 407.0 15.3 0.2 
Cache_Low_022 9.63 476.0 16.2 0.2 
Buttonland_001 0.19 123.9 20.2   0.25 
Buttonland_002 - - - 0.2 
Buttonland_003 - - - 0.2 
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Figure 1: Map of slackwater survey sites in the Cache River watershed that were selected based on historic target species records (green 
diamonds), or new sites that were modeled with similar stream characteristics (low discharge and proportion of wetland land use) as known 
locations (red diamonds). Modeled similar streams are highlighted in yellow. 
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Figure 2: Map of slackwater survey (green diamonds) and Illinois Department of Natural Resouces (IDNR) Fisheries survey (yellow 
hexagons) sites sampled in the Cache River watershed during fall and summer of 2014. Inset: map of Illinois with the study area outlined by 
a red rectangle.    
 21 
 
 
 
Figure 3: Map of slackwater survey (green diamond) and Illinois Department of Natural Resouces (IDNR) Fisheries survey (yellow 
hexagons) sites sampled in the Cache River (red line) and associated buttonland swamp (green polygon) during 2011-2014.  
 22 
 
 
 
Figure 4: Non-metric multidimensional scaling plot of slackwater survey site fish assemblage (i.e., all species presence) with sites 
symbolized by multiple target Species in Greatest Need of Conservation (SGNC) collected (light blue square), single SGNC collected (blue 
upside down triangle), or none collected (green triangle). Habitat attributes are represented by lines with direction and length representing 
the influence of variable on the fish assemblage.  
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Figure 5: Non-metric multidimensional scaling plot of slackwater survey site target fish assemblage (i.e., target species presence) with sites 
symbolized by multiple target Species in Greatest Need of Conservation (SGNC) collected (light blue square), single SGNC collected (blue 
upside down triangle), or none collected (green triangle). Habitat attributes are represented by lines with direction and length representing 
the influence of variable on the fish assemblage.  
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Figure 6: Non-metric multidimensional scaling plot of slackwater and IDNR Fisheries survey site target fish assemblage (i.e., target species 
presence) with sites symbolized by multiple target Species in Greatest Need of Conservation (SGNC) collected (light blue square), single 
SGNC collected (blue upside down triangle), or none collected (green triangle). Habitat attributes are represented by lines with direction and 
length representing the influence of variable on the fish assemblage.  
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Appendix 
 
Distribution maps of target slackwater fish Species in Greatest Need of Conservation (SGNC) in the 
Cache River watershed of collection records before 2000 (historic; red squares) and after 2000 (recent; 
blue circles). Slackwater survey (diamonds) and Illinois Department of Natural Resources (IDNR) 
Fisheries survey (hexagons) results of species collected (green or yellow) or not collected (gray) during 
2014 sample effort. Inset: map of Illinois with the study area outlined by a red rectangle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 26 
 
 
 
 
 27 
 
 
 28 
 
 
 29 
 
 
 30 
 
 
 31 
 
 
 32 
 
 
 33 
 
 
 34 
 
 
 35 
 
 
 36 
 
 
 37 
 
 
 38 
 
 
